Endogenous NMDA-receptor activation regulates glutamate release in cultured spinal neurons.
N-methyl--aspartate (NMDA) receptor activation plays a fundamental role in the genesis of electrical activity of immature neurons and may participate in activity-dependent aspects of CNS development. A recent study has suggested that NMDA-receptor-mediated glutamatergic neurotransmission might occur in the developing spinal cord via activation of nonsynaptic receptors, but the details of NMDA-receptor activation in the developing CNS are not yet well understood. We describe here a model of cultured spinal neurons that display ongoing alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor activity characterized by spontaneous excitatory postsynaptic currents (EPSCs), with NMDA-receptor activity detectable only as single channel events. -2-amino-5-phosphonovaleric acid (100 microM) and tetrodotoxin (TTX) 100 nM each reduced the occurrence of spontaneous AMPA EPSCs; quantal analysis showed a decrease in the number of released quanta but no changes in quantal size, indicating that NMDA-receptor activation and Na+ channel activity affect the generation of spontaneous AMPA EPSCs, at least in part, via mechanisms that impinge on the presynaptic terminal. Once the Mg2+-block was released, activity of NMDA receptors dramatically increased the release of quantal and multiquantal amounts of glutamate, indicating that the NMDA receptors are physiologically coupled to glutamate release. In Mg2+-free solution, TTX application elicited an increase in the number of quantal AMPA EPSCs and a reduction in the number of multiquantal EPSCs, consistent with an effect of NMDA-receptor activation on presynaptic terminals. Our results suggest that endogenous activity at a small number of NMDA receptors can regulate the release of neurotransmitters at developing AMPA synapses.